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A B S T RAe T
This report describes the field testing of the first of
five beam-slab highway bridges included in an investigation of the
structural behavior of bridges supported with prestresied concrete
box girders, and subjected to loading with test vehicles approxi-
mating AA8HO H20-816-44 loading. The test structure was one of the
end spans of a three-span simply supported bridge with a cast-in-
place concrete deck supported by five precast prestressed concrete
box girders laterally spaced at 7 ft. 2 in. The test span was
61 ft. 6 in. in length. The testing program consisted of the con-
tinuous recording of girder deflections and surface strains at
various locations on the girders, slab, curb, and parapet, as either
one or two of the test vehicles were driven over the test span at a
speed of approximately 2 mph.
The principal objectives were to develop information on
the distribution of vehicle loads to the girders, and to evaluate
various field test techniques for use in the following studies. The
measured strains were used to determine distribution factors at a
cross-section near midspan~ It was found that the distribution fac-
tors derived from the field measurements were substantially different
from those used in the design~ The test results indicated that full
composite action was developed between the bridge deck, curb, and
parapet. It was found that the results of superimposed single-vehicle
runs closely corresponded to the results obtained from two-vehicle
runs. Also, it was determined that tests on a partially gaged
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cross-section could be combined to simulated tests on a fully gaged
section.
This report covers test runs at crawl speeds. In addition,
runs were conducted at speeds up to 34 mph. The results of the tests
involving speed runs will be included in a second report.
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1. I N T ROD D, C T ION
1.1 BACKGROUND
Ever since the construction of the first prestressed con-
crete bridge in the United States in 1950, the.Walnut Lane Bridge
in Philadelphia, there has been much development in the technology
related to prestressed concrete bridge construction 0 One of these
developments was the design of girder and slab bridges utilizing pre-
cast, prestressed concrete girders, along with a cast-in-place con-
crete slab.
Over the past few years, the Pennsylvania Department of
Highways has been developing bridge designs incorporating the pre-
stressed concrete box girder. Initially, the box shape was utilized
in the construction of the adjacent box girder bridge. Lateral
post-tensioning and shear keys between the adjacent girders aided
in the lateral distribution of vehicle loads to the several girders
composing a sectiono A wearing surface was applied directly to the
top of the girders to serve as the decko A later development of
this initial design approach was the cas~-in-place reinforced con-
crete slabo The slab, acting compositely with the girders, replaced
lateral post-tensioning and shear keys as a method of lateral load
transfer. The latest design is the spread box girder bridge, in
which the girders are equally spaced and spread apart to act as
T-beams with the cast-in-place slab.
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1.2 OBJECT AND SCOPE
The current procedures utilized by the Pennsylvania Depart-
ment of Highways in the design of prestressed concrete bridges are
. 11
set forth in the PDH Bridge Division Standards 8T-200 through ST-208,
In these standards, the interior girders of the prestressed concrete
box girder beams have been proportioned according to a live load dis-
tribution factor of 8/5.5 where S is the average girder spacing.
This factor is identical to the factor given in the AASHO:Specifica-
tions,l Section 3, governing the design of a concrete slab laterally
continuous over interior steel I-Beam stringers. For the exterior
girder, the live load is also distributed acconding to the general
procedure set forth in the AASHO Specifications. This procedure is
based on the assumption that the slab acts as a simple span between
girders in transmitting wheel loads laterally.
These design procedures were instituted since it was ob-
vious that the earlier criteria developed for the design of the
adjacent box girders was not applicable to the design of the spread
box girder bridges 0 Consequen'tly, the procedures for live load dis-
tribution were based on a conservative estimate of the expected dis-
tribution based on the provisions governing the various members
covered by the AASHO Specifications 0
In 1964, the Structural Concrete Division of the Department
of Civil Engineering at Lehigh University initiate:d an investigation
of the actual load distribution characteristics for this type of
bridge 0 The results of the study are to be compared with current
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design practice, and a design procedure reflecting actual behavior
is to be developed.
The overall investigation has been divided into several
phases. The first phase was the field test of an existing bridge,
located near Drehersville, Pennsylvania. This phase was (1) to
serve as pilot test for additional field tests, and (2) to pro-
vide experimental data for use in developing a method of analysis
for use in design. This report will cover the response of the
. Drehersville test structure to crawl-run loading. This type of
loading is, explained in Chapter 2~ A second report will cover the
behavior of the.Drehersville structure under speed-run loading.
The principal objectives of this first phase were (1) to
determine the actual live load distribution factors for both exte-
rior and interior girders, and (2) to compare loading techniques,
gaging patterns, and interpretation of data in evaluating experi-
mental results. Other aspects of the study were a comparison of
experimentally determined bending moments with those used in the
design of the girders, the determination of girder deflections,
and the study of the behavior of bridge deck, curb, and parapet in
resisting applied vehicle loads a
Field testing was conducted with the Bureau of Public
Roads field test unit, consisting. of a loading truck and monitoring
,trailer. To supplement this equipment, an additional truck was pro-
vided. Test runs across the bridge were made by directing a crawl-
ing truck along one of several lanes, approximately equally spaced
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across the width of the deck. The centerline of each of these lanes
corresponded either to the centerline of a girder or to a line midway
between girder centerlines. Data was obtained from gages located
at two lateral sections. One section was located to measure maximum
moment response, and the other was located to measure response with
only the rear axle of the truck on the span. In addition to test
runs conducted with single test trucks, simultaneous runs were made
with both of the trucks side-by-side.
1. 3 PREVIOUS RESEARCH
A number of field studies have been conducted on bridges
~onstructed of concrete slabs supported by I-shaped girders, either
of steel or prestressed concrete. Since the end of World War II,
testing procedures have become more sophisticated, especially in
the areas of measuring and recording structural response. In field
tests conducted by Hindman and Vandegrift6 in Ohio in 1945, a study
of load distribution was based entirely on measured girder deflec-
tions. Test loading was achieved by the upward thrust of a hydraulic
5jack applied to one girder at a time. A 1952 report by Foster on
field studies conducted in Michigan describes the use of SR-4 strain
gages on the main girder flanges, and on small cantilever beams used
to measure deflections, Static strain gage measurements were obtained
with a portable indicator, while dynamic measurements were permanently
recorded on photo sensitive oscillograph paper. Rather than a single
concentrated loading, a test truck, along with a simulated truck
loaded to approximately H20-S16-44 specifications, were used.
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In 1956, Holcomb7 reported a series of field tests conducted
on two bridges in Iowa, In this study, a 48-channel automatic strain
recording device was utilized for both static and. dynamic runse
Strains were measured on the web as well as the girder flanges. De-
flections were measured by dial gages. The test vehicle, a semi-
trailer totaling 98,000 lbs., did not simulate AASHO truck loading.
A 1957 report by White and PurnellDdescribed the field test of a
composite haunched girder bridge in Texas. One of the important
features of this test was the location of SR-4 strain gages on the
girder in order to determine the position of the neutral axis.
The ease and speed with which field measurements can be
made and recorded was improved with the Bureau of Public Roads field
test equipment trailer, which houses automatic recording equipment.
This trailer was first used in 1953. A tabulation by Varney and
Galambos14of field tests conducted between 1949 and 1965 includes
many studies which have utilized the BPR recording equipment.
Studies of the dynamic response of a bridge in Iowa were reported
in 1958 by Prentzas,12 and describe 36-channel simultaneous recording
equipment used in the testing of two bridges. In these tests,
strain gages were mounted on both the top and bottom flanges of the
steel girders. In 1964, dynamic tests by Reilly, Guardia and
Looney13in Maryland report the expansion of the BPR equipment to
48-channel capacity, with the addition of a truck simulating H20-
S16-44 loading. A comparable testing procedure was reported the
same year for dynamic studies conducted in Virginia. 9
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Several recent tests have been conducted on I-shaped pre-
t d t · d Hulsbos and Ll'nge~8,lO ~eported as resse conere e glr er spans. ~
series of Iowa field tests of bridges, including one constructed of
five prestressed concrete girders 0 Static loading was conducted with
the test vehicle crawling across the span instead of being parked on
the span .. An extensive pattern of five gages was positioned on the
face of a girder for experimental neutral axis determination. The
Maryland tests,13 mentioned above, included extensive testing of a
nine girder prestressed concrete span.
The testing procedures used in previous field work, es-
pecially those utilized by Hulsbos and Linger,lO aided in the plan-
ning of the field tests included in the current investigation at
Lehigh University. The gaging, recording, and loading procedures
were adopted from the many recent tests described in the compilation
14by Varney and Galambos.
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2. T E 8 TIN G
2.1 TEST BRIDGE
The final selection of a bridge for the pilot study neces-
sitated the meeting of several structural and site requirements. The
structural requirements were that the simply supported span be of
medium length, 60 to 70 feet. This span range is typical of the
spread box girder bridges built in Pennsylvania. The girders were
to be at right angles with the piers and abutments, with minimum
superelevation of the roadway. To allow for maximum speed runs, min-
imum grade and tangent roadway were required 0 The site requirements
principally involved the access to a nearby pow~r supply, and the
existence of a space which would permit parking of the instpument
trailer near to the test span.
The structure which most closely conformed to the above
requirements was the northwest span of the three-span bridge illus-
trated in Fig. 1. This bridge spans the Little Schuylkill River
near Drehersville, Pennsylvania, and is located on Legislative
Route 53081-10 The test span was simply supported with a length of
61 feet 6 inchese oThe skew was 90 , and the bridge deck was on a
maximum grade of 0.2%, with normal crown 0 The southeast approach
was on a superelevated curve, and sloped downward toward the river,
allowing speed runs up to 34 mph. From the northwest, the approach
was steep and short, and crossed over a single railroad track approx-
imately 100 feet from the northwest abutment of the bridge, Therefore,
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eastward speed runs were severely restricted.
The cross-section of the bridge, along with the girder
designation, is shown in Fig. 2. The five identical prestressed
hollow box girders, which are 48 inches wide and 33 inches deep, are
equally spaced at 86 inche?, center-to-center. Cast-in-place concrete
diaphragms, 10 inches in thickness, are located between the beams at
the ends of the span and at midspano The reinforced concrete deck,
providing a roadway 30 feet in width, was cast-in-place compositely
with the girders. The specified minimum thickness of the slab was
7-1/2 inches. However, measurements taken near midspan indicate that
the slab thickness actually varies from 6.2 to 7.6 inches, with an
average of 6.7 inches. The safety curb, which is indicated in Fig. 2
above the lower dashed line, is composed of a IS-in. wide parapet on
top of a 33-in. wide curb section. The joint between the slab and
the curb was a construction joint with a raked finish. Vertical
reinforcement for the curb section extended through the joint into
the slab. Basically, the reinforcement consisted of three Noo 5
bars laterally positioned across the joint, at a longitudinal spacing
of 15 inches. For typical details of the joint, as well as other
typical details of the bridge structure, see the PDH Bridge Division
. Standards for prestressed concrete bridges. l1
In the design of the bridge the girders were basically pro-
portioned for AASHO H20-Sl6-44 loading. For the interior girders, a
distribution factor of 8/5.5 = 1.302 was used, as compared to the
factor of 0.814 used for the exterior girders~ The impact factor
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was 0.2680 The specified minimum 28-day cylinder strength of the
girder concete was 6000 psi; however, test cylinders indicated an
average 7020 psi for the five girders. All of the girders were
pre-tensioned with 46 7/16-in. seven-wire strands.
2.2 GAGE SECTIONS AND LOCATIONS
Two lateral cross-sections were selected for strain gage
applicationQ These cross-sections, specified as Sections M and N,
are designated on the elevation view of the bridge, Fig. 1. Sec-
tion M was located 3.55 feet west of midspan in order that maximum
girder moments would be produced as the test vehicle drive axle
passed over this section when proceeding westward. Section N was
located 12050 feet west of midspan. When the test truck proceeded
westward, measurements could be made as the rear axle of the vehicle
passed over this section, to study the effect of a single axle load-
ing on the span.
Two gage configurations were used during field testing.
The first configuration included gages at both Sections M and No
At Section M, Girders C, D, and E were gaged as shown in Fig. 3a,
with two additional check gages per girder, on the bottoms of
Girders A and B, for comparison with strains on Girders E and Do
Five additional gages were applied at Section M, three on top of
the slab above Girders C, D, and E, and two on the bottom of the
slab midway between Girders C, D, and, E. At Section N, Girders C,
D, and E were gaged according to Fig. 3b, with two check gages on
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Girders A and B, as at Section Mo
For the second gage configuration, only Section M was
gaged. All five girders were gaged as illustrated in Fig5 3a. Addi-
tional gaging at Section M consisted of three longitudinal gages on
top of the slab above Girders C, D, and E; four transverse gages on
the bottom of the slab perpendicular and adjacent to the tops of
Girders C, D, and E; two longitudinal gages on the bottom of the slab
adjacent to the sides of Girder D; and longitudinal' gages on the out-
side of the north curb, top of the north parapet, and top of both
curbs 5 Both gage configurations included five deflection gages
mounted on the bottom of each girder at Section M~ The deflection
gages are shown in Fig. 7, and will be referred to as deflectometerso
2.3 STRAIN AND DEFLECTION GAGES
Baldwin-Lima-Hamilton SR-4 resistance-type strain gages,
Type A-9-3, were used to gage all of the locations described above,
with the exception that the three gages applied to the top of the slab
were Type A-ge Each gage location was ground and sanded smooth, followed
by thorough cleaning with acetonee SR-4 cement was then used to seal
the concrete surface, and to prevent electrical grounding of the gagee
After proper drying of the cement, strain gages were dipped in the
same SR-4 cement, applied to the prepared surface, and allowed to drye
Gages applied to the rain-exposed surfaces of the roadway and safety
curb, were waterproofed with Gage Kate-5. The waterproofing was then
cured with a portable heat lamp~
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The deflectometers consisted of a strain gage bonded to
a flexible, triangular aluminum plate. The aluminum plate was attached
to a bar which, in turn, was clamped along the bottom surface of the
beam. A detail of the gage mounting is illustrated in Fig. 7. A
wire, connected to a IOO-lba weight placed below the gage in the
river bed, was attached to the apex of the plate in a deflected posi-
tion. The deflectometer was calibrated so that the flexural strains
of the plates could be converted to girder deflections.
In addition to the active strain and deflection gages de-
scribed above, there were corresponding temperature compensation
gages located near each gage location. Each active gage and tempera-
ture compensation gage was connected to one of the 48 channels of
monitoring equipment in the BPR equipment trailer. Each channel
forms a Wheatstone bridge composed of a power supply, amplifier, os-
cillator, galvanometer, and the two types of gages described' above .
. As the galvanometer responds to the changes in resistance of the
active strain gage, the path of a beam of light is recorded on light=
sensitive oscillograph paper. Three variable-speed recording machines
are used to record the responses of the 48 gages.
2.4 TEST VEHICLES
The two test vehicles, designated as trucks Tl and T2, are
shown in Figs. 8 and 9, respectively. Both vehicles were loaded
with steel plates to approximate AASHO Specifications for H20-Sl6-44
truck loadingG Truck Tl was provided by the Bureau of Public.Roads,
while truck T2 was provided by Schuylkill Products, Inc.
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2.5 LOADING LANES
Loading lanes were located on the roadway so that the cen-
•
terline of the truck would correspond as closely as possible to a
girder centerline, or to a line midway between girder centerlineso
The centerlines of the seven loading lanes were indicated on the
roadway with plastic tape. Figure 2 shows centerlines of the loading
lanes to be spaced at 43 inches, with the exception of the outer two
lanes, Lanes 1 and 7, which were offset 4 inches toward the bridge
centerline to provide better clearance between the curb and the Qut-
side face of the tires of a truck being run along these outer lanes.
In the AASHO Specifications1 it is specified that for design purposes,
the centerline of a wheel or wheel group may be placed to within
24 inches of the curb face. With vehicle Tl running in Lane 1, this
distance was 16.5 inches, while with T2, the clearance was 15.4 inches 0
206 TIMING AND POSITION INDICATORS
,
Air hoses were placed 75 feet east and west of gage Sec-
tion M, in order to monitor the speed of the load vehicle. A timer
was actuated as the front axle of an approaching test vehicle passed
over the first air hose and was shut off as the truckTs front axle
passed over the fifth hose. Three additional air hoses, which served
as position indicators, were placed at points 50 feet east and west
of Section M, as well as at Section M. Each axle passing over one
of these hoses caused an abrupt offset from the oscillograph trace
representing these indicators. The offsets were then used to corre-
late the truck position with strain values in the data reduction.
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2.7 TEST RUNS
Before and after a set of test runs, the gages were cali-
brated with no load on the bridge to relate the deflections of the
oscillograph traces to base values. During the conduct of static
runs, 12 separate calibrations were made.
Crawl runs at a speed of 2 to 3 mph, made with the truck
engine idling, were considered to represent the static condition.
The oscillograph traces indicated that for the crawl runs, the vibra-
tion of the sprung mass of the truck had little effect on strains
and deflections. During the crawl runs, the test vehicle was guided
by a helper to assure that the truck was centered in the specified
loading lane. A view of a crawl run involving the two trucks is
shown in Fig. 6. As the front axle of the vehicle neared the first
position indicator hose, another helper on the bridge notified the
personnel in the trailer to start the recording oscillographs. The
recordings were continued until the trailer axle had passed over the
third position indicator hose.
Testing was divided into two series, each corresponding to
one of the two gage configurations, as described in: Section 2.2.
Series I testing corresponded to partial gaging at Sections M and N,
while Series II testing corresponded to the full gaging at Section M.
Table I contains a listing of the runs conducted in both serieso Each
single-truck run in a particular lane was duplicated by another run
in the same series, and by another run, or runs, in the other series~
The exception to this procedure was that six two-truck runs were made
in Series II with vehicles T1 and T2 passing over the bridge simul-
taneously.
3. D A T A RED U C T ION AND E V. A L U,A T ION
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3.1 OSCILLOGRAPH TRACE READING
Data reduction began with the editing of the traces for
each test run. Editing required the correlation of trace numbers,
each of which represented a particular strain gage, with the traces
on the test record. The correlation was facilitated by the exist-
ence of trace breaks, corresponding to 16 gage traces and 2 inac-
tive reference traces on each of three oscillograph records from
a test run. Some interpretation was necessary where traces over-
lapped, or trace breaks did not exist. In general, each trace had
some definite physical characteristic, such as line weight, which
helped to assure the correctness of the interpretation.
With editing completed, all calibration runs were evalu-
ated and compared. The calibration runs consisted of a base record
and a calibration record for each gage trace. The distance between
a reference trace and the gage trace was measured with an accuracy
of 0.01 inch on both records 0 The calibration value was the differ-
ence, always considered positive, between the calibration and base
record readings. Since each series of tests extended through a
period of several days, calibration values for some gages did not
remain constant. Due to this variation of calibration values, only
six calibration runs, of the twelve taken during crawl runs, were
usedo The six calibration runs used were those immediately pre-
ceding a set of test runs,
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With the completion of editing and the determination of
calibration values, the records of test runs could be processed. A
no-load reading for each trace was taken at the left side of each
record. Most load readings were taken adjacent to the middle drive
axle offset, which corresponded to the drive axle passing over the
air hose at Section MG Any other vehicle positions were located on
the record by proportioning distances from one of the axle offsets,
as related to the known axle spacings and the distance between gage
sections. Therefore, by distance proport~oning, the test vehicle
co~ld be positioned at an alternate location in which the rear axle
was over Section N.
3.2 EVALUATION OF OSCILLOGRAPH DATA
3.2.1 Strain Distribution and Location of Neutral Axes
For the most efficient method of converting oscillograph
traces to strains and deflections, a computer program was written
in the WIZ language for use with the GE 225 computer. Gage con-
stants (consisting of gage resistance, gage factor, lead cable
length factor, operation attenuation, and calibration attenuation),
calibration values, and record readings served as program input
data. The program output, consisting of strains and deflections,
was listed on prepared cross-sections of the bridge in order to
provide a visual check for sizeable errors. The results of several
runs were plotted to determine the distribution of the strains along
a girder face, as in Figs~ 4 and 5.
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Another WIZ program was written to calculate the location
of the neutral axis at each girder face. The calculation of each
value was based on a linear distribution of strain as shown in the
strain plots in Figs~ 4 and 5. At Section M, with three strain gages,
it was possible to use the WIZ program to calculate a neutral axis
value from each of three combinations of two strain gages. Each of
the three neutral axes was listed as computer printout for compari-
son, Neutral axis values varying more than 2 inches from the other
two corresponding values were eliminated from the averaged value.
At Section N only one value of neutral axis was obtained from the
two girder face strain gages.
3G2.2 Effective Slab Widths
A third program was developed to calculate the effective
slab widths for the girders. Differences in composite girder geom-
etry necessitated separate programs for exterior and interior girders 0
Both programs accounted for the measured variation of girder depth
and slab thickness, In line with experimental results, exterior
girders were analyzed as acting compositely with the slab, curb, and
parapet, while the interior girders were composite with the slab~
The procedure for both programs was similar, as the first section in
both programs equated the first morrlents, with respect to" the aver-
aged girder neutral axis, of the tensile and compressive areas of
the composite girder, based on the principle of the transformed
section. In order to equate these first moments of area, it was
necessary to determine the transformed effective width of slab, or
-19-
slab, curb, and parapet which was needed to balanoe the first moment
of the tensile area. The transformed effective slab widths of the
interior composite gi~ders were calculated by the interior girder
program. When the transformed effective slab widths had been cal-
culated for the interior girders, the exterior girder slab widths
could be calculated. The transformed effective slab width for an
exterior girder depended on the transformed effective slab width of
the adjacent interior girder. If the slab width of the adjacent
interior girder exceeded 86 inches, the calculated slab width of the
exterior girder was less than 84 inches; whereas, if the interior
girder slab width was less than or equal to 86 inches, the slab
width of the exterior girder was considered to be 84 inches. The
dotted lines on the safety curb in. Fig. 2 indicate the portions
for which effective widths were calculated. The sequence of calcu-
lations for the exter~or girder was (1) to check whether maximum
slab width of 84 inches was required; if so, (2) to check whether
the maximum curb width of 33 inches was required; and then if so,
(3) to calculate the required width of parapet.
3.2.3 Girder Bending Moments
After the geometry of the composite girder cross-sections
had been determined, the next step was to compute the moment carried
by each of the girders. For each girder, the location of the neu-
tral axis at each of the two vertical faces, together with the strain
distribution on each of the faces, was used to determine both the
resultant moment and the inclination of the plane containing the
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resultant moment carried by each of the five composite sectionse
Finally, the component moment acting in the. vertical plane was cal-
culated for each girder. The moments computed should be termed
moment.coefficients, since these coefficients would have to be mul-
tiplied by the effective modulus of elasticity, E, of the concrete
to determine actual moment values.
Reference to past studies has indicated that efforts to
determine a value for the effective B from empirical relation-
ships related to £T , or from stress-strain information resulting
c
from cylinder tests, have proved to be fruitless. However, it was
possible to determine the effective value by equating the exter-
nally applied moment at the cross-section, which can be determined
by principles of statics, to the internal resisting moment at. the
cross-section, which is the product of the sum of the five moment
coefficients multiplied by E. After E had been determined,
the individual girder moments were calculated for comparison with
design values. The average effective modulus used was obtained
from all test runs conducted in Series II, with the truck posi-
tioned with drive wheels at Section M.
3.2.4 Distribution Coefficients
Distribution coefficients were oalculated to determine
the percentage of total resisting moment distributed to each
girder. The distribution coefficient of a partiCUlar girder is
the moment coefficient for that girder, divided by the sum of the
-21-
moment coefficients for all five girders 0 It should be noted that
the modulus of elasticity was not necessary in this calculation,
since dividing the moment for a girder by the sum of five girder
moments would result in the same distribution factoro
Evaluation of the distribution coefficients for the Series I
testing, where only three of the five girders were gaged, req~ired
the superposition of data to obtain moment coefficients for all five
girders 0 Syrr@etry of the bridge cross-section was assumedo The
following example will illustrate this superpositioning procedure 0
First, see Figo 2 to recall the relationship of loading lanes to
girders, A truck running in Lane 1 produced moment coefficients in
Girders C, D, and E, while a truck running in Lane 7 produced moment
coefficients in the same girders, which were equivalent, respectively,
to the moment coefficients in Girders C, B, and A, with the truck,
running in Lane 10 Other symmetric lane loadings in Lanes 2 and 6,
and 3 and 5 were combined in the same manner. When lnoment coeffi-
cients had been obtained for all five girders in this manner, a dis~
tribution coefficient could be calculated for each girder5 Distri=
bution coeffi.cients could only be calculated for loadings in the
four Lanes, 1 through 4, to the right of the bridge centerline 0
The distribution coefficient evaluation for Series II testing was
greatly simplified because moment coefficients and distribution
coefficients could be calculated directly for all five girders for
test runs in all seven laneso Since the loading lanes and girders
were symmetrically located with respect to the centerline of the
roadway, it was possible to calculate an average distribution
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coefficient by averaging the distribution coefficients of corre-
sponding girders for trucks in symmetrical lanes 0 For example, it
was possible to average the distribution coefficient of Girder E,
with a truck in Lane 7, with the distribution coefficient of
Girder A, with a truck in Lane 1.
In bridge design specifications, provisions for lateral
distribution of load are commonly expressed as distribution factors.
These factors are coefficients by which a line of wheel loads is
multiplied in computing the design moment for a girder. These dis-
tribution factors are based on combinations of loading which will
produce the maximum effect in each girder. To enable a comparison
of maximum measured moments with the moments obtained from design
specifications, the measured distribution coefficients for various
lane loadings were either combined to yield maximum distribution
factors, or taken directly from the two-truck runs conducted in
Series 110 The combination of distribution coefficients was done
in two waYSe In the first, the distribution coefficients reSUlting
from two single lane loadings were combined, so as to correspond
to two-truck test runs~ In the second, the distribution coefficients
resulting from two single truck runs were combined, such that the
lateral spacing conformed to AASHO Specification provisions. l By
the first method, the distribution factors, reSUlting from the
-maximum eccentric loading of the bridge, with one of the vehicles in
one of the outside Lanes, 1 or 7 with the other in the oenter Lane 4,
could be calculated. Additionally, the distribution factors, result-
ing from symmetrical loading of the bridge with vehicles in Lanes 2
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and 6, could also be calculated~ Also, by the second method, the
distribution coefficients, resulting from the.AASHO·Specification
provisions for lateral truck spacing, were combined for trucks in
Lanes 1 and 5 or Lanes 3 and 7.
4. PRE SEN T"A T ION o F T EST R E.S U LT S
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4 . 1 DISTRIBUTION COEFFIC,IENTS
Distribution coefficients are presented both in graph and
table form. The graphs show the magnitude of the distribution co-
efficient plotted for each of the five girders. The load distribu-
tion for a particular lane loading is represented by a straight line
plot connecting the resultant girder distribution coefficients. The
loaded lane is indicated to the right in each plot. To facilitate
the interpretation of the distribution coefficient graphs and tables,
as well as other tables, a loading key consisting of a diagram show-
ing truck location and direction, and indicating the gage section
from which results were obtained, is shown above each graph or table.
Figures 10 through 18 are graphs of Series I single truck
test runs for the four right-hand lanes, Distribution coefficients
are plotted for both-Sections M and N for three types of Tl loading
indicated by the loading key: (1) west runs with drive aXle at
Section M, (2) west runs with rear axle at Section N, and (3) east
runs with the drive axle at Section MQ Additional Figs. 12, 15,
and 18 pres~nt a comparison of distribution coefficients at Sec-
tions M and N for the te$t vehicle loaded in Lane 1 and Lane 40 The
solid graphs represent distribution coefficients at Section .. M, while
the dotted graphs represent those at Section-Nt
Figures 19 through 28 r~present the distribution coeffi-
cients resulting from Series II test runs. Plots are presented for
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distribution coefficients resulting directly from a single test
vehicle in each of all seven lanes, and from the runs in which the
two vehicles were run simultaneously_ ,To check the validity of the
distribution coefficients, the averaged distribution coefficients,
as explained in,Section 3,2.~ are compared with the directly cal-
culated distribution coefficients resulting from test loadings on
the right-hand side of the bridge. For example, the averaged value
of distribution coefficients for runs in Lanes 1 and 7, and for
symmetrical girders for the runs in. Lane 4, are compared with co-
efficients directly resulting from runs in Lanes land 4, respec-
tively. The direct distribution coefficients are plotted as solid
lines and the averaged values are plotted as dotted lines.
The distribution coefficients obtained from superimposing
runs in both test series are presented in Figs. 29 through 33~ A
comparison of both directly calculated and averaged distribution
coefficients is included for the Series II runs which were super-
imposed.
The distribution coefficient graphs were plotted from the
distribution coefficients listed in Tables 2 through 6. Distribu-
tion coefficients at Sections M-and N from Series ~and for directly
calculated and averaged values from Series I~are listed adjacently
for ease of comparison &
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4.2 DISTRIBUTION FACTORS
Distribution factors were derived from the distribution
coefficients for two trucks proceeding west with drive axles at
Section MG The values, either from two-truck runs or from super-
position of results from single truck runs, are presented in
Table 7. The values represent the placement of test vehicles which
produoes the maximum moment for each girder. Three groups of list-
ings are shown, corresponding to three types of lateral positioning
of the test vehicles. The first group lists the factors for maxi-
mum eccentric loading with vehicles in Lanes 1 and 4 or Lanes 4
and 7, as explained in-Section 3.2.4. The second group presents
factors for trucks in lanes more nearly conforming to,AASHO Specifi-
cation provisions for lateral truck spacing, that is, trucks in
Lanes 1 and 5 or Lanes 3 and 7. Factors for all girders for symmet-
rical' loading with vehicles in Lanes 2 and 6 are listed in the
third group, which also conforms to AASHO'Specification provisions
for lateral truck spacing. All three groups include distribution
factors obtained from both directly calculated and averaged distri-
bution coefficients.
4.3 SAMPLE GIRDER MOMENTS
In Table 8, the maximum girder moment coefficients and
moments for single truck (TI) loading are listed. Table 9 gives
values for both the coefficients and moments resulting from loading
with two vehicles. "The values in_the upper part were derived di~
rectly from the results of the two-truck runs (Tl and T2), while
-27-
values in the lower part resulted from the superposition of values
from single truck runs (TI). All girder moments were calculated
using, a value of 6806.02 ksi for the effective modulus of elasticity
of concrete, as obtained by the method explained in Section.302.3.
In Table 10, design and experimental live load girder
moments taken from Table 9 are compared for the central, outer in-
terior, and exterior girders. The design girder moments were cal-
culated from a free-body diagram of the bridge, using, a line of
Tl wheel loadings and a distribution factor of 1.30 for the two in-
terior girders and a distribution factor of 0.81 for the exterior
girder.
4.4 GIRDER ;DEFLECTIONS
Experimental girder deflections at Section M are listed
in Tables 11 and 12 for trucks in vario~s positions. Values listed
for vehicle.Tl runs, west and east, are the averages of four runs
west and three east, respectively, from both,· Series I and II test-
ing. The maximum girder deflection for single vehicle loading was
0.077 inches, measured in exterior Girder E with test vehicle Tl
running west in Lane 7. Deflections for two-vehicle runs are listed
in Table 12. The maximum girder deflection for two-truck loading
was 0.129 inches, measured in interior Girder B with test vehicles
in Lanes l.and 4.
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4.5, TRANSFORMED EFFECTIVE WIDTHS
i
Tables 13 through 17 list the average transformed effective
width of slab for each girder for each· lane loading. The values listed
are generally the averaged value of the results from two identical runs~
The effective slab width, as defined by the,AASHO Specifications for
interior girders, is 86 inches.
5 • DIS C U S S ION o F RES U L T S
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5.1 EXPERIMENTAL STRAINS AND NEUTRAL AXES
The plots of typical strain distribution shown in Figs. 4
and 5 are for vehicle Tl in· Lane 7 with the drive axle at Section M,
where there are three strain gages along the face of a girder. These
plots indicate a linear relationship of strains along the girder faces
and into the deck. Figure 4 shows a linear strain distribution between
strains at the three gage locations along the girder face of E and
the three gages on the parapet and curb above this girder. Figure 5
also shows a linear strain distribution between the gages on both
faces of Girder C and the gage on the top of the slab at the center-
line of Girder C for the same test load. The linear strain distri-
bution shown in both figures demonstrates that full composite action
between the curb, parapet, and slab was effective during the testing
program.
The computation of a girder face neutral axis location was
based on linear strain distribl.J.tione Because there were some small
variations between the measured strains reSUlting from identical
vehicle runs, the calculated locations of the neutral axis for a
particular face did not always agreee At Section N, where there
were only two strain gages on each girder face instead of three, the
variation of the neutral axis location was especially noticeable 0
It is felt that in future tests, at least four strain gages should
be applied to the face of each girder in order that variations in
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the strains measured at each individual strain gage will have less
influence on the determination of the location of the neutral axis.
There were two variations in the location of the girder
neutral aXis, as determined by points of zero strain on the separ-
ate girder faces. The first variation was the inclination of the
girder neutral axis between girder faces. The inclination of the
girder neutral axis was especially evident in the exterior girders.
The second variation was in the location of the average value of
the girder face neutral axis locations~ Both types of variation
depended on the lateral positioning of the test vehicle with re-
spect to a particular girdero The inc~ination of a girder neutral
axis was more nearly horizontal when the girder was directly loaded
than when the test vehicle was laterally displaced with respect to
that particular girder. The distance from the bottom of a girder
to the average location of the neutral axis was usually a maximum,
when the girder was directly loaded4 This distance generally de-
creased as the-truck was displaced laterally from the particular
girder considerede
Girder deflections were generally quite small 0 With a
single vehicle on the bridge in one of the exterior loading lanes,
the corresponding exterior girder deflected more than any of the
other four girders~ For two-truck loading of the bridge, with both
trucks as close as possible to each other and to the curb (maximum
)
-31-
eccentric loading), the corresponding first interior girder under
the loads exhibited maximum deflection. No attempt was made to
correlate the lateral distribution of deflections with the distri-
bution coefficients.
5.3 . TRANSFORMED EFFECTIVE WIDTH
The magnitude of the transformed effective slab width, as
presented in the tables, correlates with the amount of the test load
carried by a particular girder. Since the ratio between values of
the modulus of elasticity for the cast-in-place deck concrete and the
precast, prestressed girder concrete could not be determined for the
test structure, it was impossible to determine the actual effective
width of the slab. It is possible, for example, if the modulus of
the cast-in-place concrete were greater than that of the prestressed
girders, that the transformed effective width of the slab might be
greater than the actual effective width. If this were the case, the
actual effective widths of the slabs of adjacent girders would prob-
ably not overlap-
5.4 MODULUS OF ELASTICITY
As explained in Chapter 3, the girder moment coefficients
were mUltiplied by an average effective modulus of elasticity for
concrete of 6806.02 ksi, obtained from 41 test runs conducted in
Series II. The ACI Code 2 presents a method for the calculation
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of modulus of elasticity based on the formula:
E = wI. 5 33 .( f' (psi)
c c
If
fT
C
3
w , the normal weight of concrete, is taken as 145 lb/ft .and
is taken as 7021.6 psi, which was the average 28-day strength
of the concrete used in the five girders, a value of 4839 ksi is
obtained for the elastic modulus of concrete. This value for the
modulus is 29% less than the experimentally. obtained effective
value.
Two of the factors which may be responsible for the dif-
ference between the formula value .. and the experimental effective
value are loading rate and stress. range. Since an increase in load-
ihg rate results in a higher E , it would be expected that the
crawl run speeds of the test vehicle would easily exceed the lower
rates of loading e~ployed in the development of the formula. Like-
wise, since the maximum strains produced in the field tests were
relatively small, reflecting correspondingly low stresses, the
stress range was low. Therefore, the condition would parallel the
conditions for which the initial tangent modulus is defined, re-
suIting., in a higher value of E .
The field test results are in-line with the findings re-
ported in connection with the test of a composite beam (steel)
and slab (concrete) bridge in California. 3 In this report, values
of E were computed from strain distributions in the slab at both
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midspan and quarter-span locations. The average values of the slab
concrete were found to be 5980 ksi and 6670 ksi respectively.
The previous explanation might appropriately account for
the major part of the discrepancy between experimentally determined
internal bending moments and the moments produced by external loads,
as described in studies reported by Hulsbos and Linger,lO and by
others. 4,g
505 C0MPARISON OF DESIGN, AND EXPERIMENTAL LIVE LOAD MOMENTS
The design value of 492.64 kip-ft. for the interior girder
live load moment was based on a distribution factor of 8/5$5 speci-
fied by the PDH, and is equal to the effect at Section M of a line
of T1 wheel loads, with the drive axle at Section M, multiplied by
1.30. The distribution factor for an exterior girder, as calculated
by PDH Specifications,ll is 0081, resulting in a live load design
moment of 306.95 kip-ft. for the exterior girders of the test struc-
ture.
The experimental live load moment values. listed in Table 10
were computed for the two-truck test runs and the combination of
single truck runs, corresponding to either the lateral truck spacing
of the two-truck test runs or the lateral truck spacing of the,AASHO
Specification provisions $ ,The maximum moments in Girders. A, B, and
C were achieved with vehicles Tl and T2 in Lanes 1 and 4~ The ex~
I
'perimental moments in Girders E, D, and C, with vehicles in Lanes 4
and 7, were smaller than the moments in Girders_A, B, and C with
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vehicles in Lanes. 1 and 40 If the design-and experimental girder
moments are compared with the experimental values as percentages
of the design value, it can be seen that for vehicles in Lanes 1
and 4, the experimental values for interior Girders Band Care
significantly less than the design values. For the center Girder C,
the, average experimental value was 57% of the design value, while
for the outer interior Girder B, the average experimental value
was 76% of the design value 0 For exterior'Girder A, the maximum
experimental value was 172% of the design. value.
The second and third combinations of two-truck loading
complied more nearly with the AASHO, Specification provisions for
lateral vehicle spacing. These loading combinations were'the super-
imposed Tl vehicle runs in. either Lanes. 1 and,S or Lanes 2 and 6,
the latter loading combination corresponding. to runs conducted with
two trucks simultaneously on the bridgeg For these two loading
combinations the maximum experimental moment values in Girders A
and B were achieved by the superimposing of Tl vehicle runs in
Lanes 1 and 5, while the maximum .. experimental moment in-Girder C
was. achieved with vehicle Tl in Lanes 2 and 60 For both interior
gi~ders the experimental moment values were nearly the same for
both combinations of loading, the experimental moment averaging
53% of the design moment for Girder C and 68% of the design moment
for Girder Bo For exterior Girder' A, the,maxim~ experimental
moment was 142% of the design. value 0
The maximum experimental girder moments were developed
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in the exterior girder when trucks were run in either Lanes 1 and
4 or Lanes 1 and 5.
These comparisons of experimental and design girder moments
would be valid, in general, for vehicles of the type utilized and
for medium span bridges. The vehicles used for te$ting were approx-
imations of AASHO specified H20-816-44 axle spacings and loadings.
A test vehicle with a shorter wheelbase between the trailer and drive
axles, such as the l4-ft. wheelbase specified by AASHO, and with axles
loaded to H20-816-44 loads would produce slightly greater girder mo-
ments. However, it is felt that the distribution coefficients would
be affected very. Iittle .
5 . 6 DISTRIBUTION COEF,FICIENTS
The distribution of load, for Series. I runs, was somewhat
affected by the localized influence of the truck axles. The effect
of this localized influence was especially noted for single trucks
running along the center Lane 4. For either an eastbound or west-
bound vehicle with the drive axles at Section M, the load distribu-
tion at Section N was more uniform than at Section M. ,With the
trailer axle located at Section N, load distribution was more uniform
at Section M than at Section N. When single, vehicles with the drive
axle at Section-M were considered in the lanes offset from Lane 4,
the distribution coefficient for the exterior girder was gen,erally
larger at Section N than at Section M. However, for maximum moment
loading, the applied girder moment at 8ection N would be less. than
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that at Section Mo In general, there was no significant variation
between the distribution coefficients calculated near midspan and
near the quarter-point of the spano
A comparison of distribution coeffiGients r~sulting from
single truck runs during Series II enabled a check on the actual
symmetry of the bridge, The slight lack of symmetry can be seen in
the distribution coefficient graphs. Generally, girders on the right
side of the section carried more load than those on the left side.
For instance, the sum-of distribution coefficients for Girders A,
B, and C with a vehicle in Lane 1 was about 2 to 3 percent greater
than the corresponding sum for Girders E", D, and C with a vehicle
in Lane 7. Although there is a slight variation of load distribu-
tion for vehicles in symmetrical loading lanes, the averaged dis-
tribution coefficients do not differ-significantly from the directly
obtained values.
'The distribution coefficients resulting from the Series<II
two-truck runs were greatest for the exterior girder when the bridge
was loaded in Lanes 1 and 40 The averaged distribution coefficients
for the two-truck runs were not significantly different from the
directly obtained, values 0 The distribution.coefficients resulting
from the superimposed runs of single vehicles w~re_not significantly
different from the corresponding coefficients resulting from the
two-truck runs, . The correlation of distribution coefficients for
two-truck runs with vehicles Tl and T2 and for the superimposed
single vehicle runs with the same vehicles was especially good,
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Reasonable correlation was also obtained for the distribution coeffi-
cients resulting from the superimposing of runs with vehicles Tl and
T2 and the coefficients resulting from the superimposing. of Tl ve-
hicle runs.
5.7 DISTRIBUTION FACTORS
The design distribution factors for a truck-wheel loading
were established as 1~30 for the interior girders and 0081 for the
exterior girders for the Drehersville test structure, The experi-
mental distribution factors listed in Table 7 were calculated from
runs made with two trucks or two superimposed trucks proceeding
westward with the drive axles at Section Me Both the directly cal-
culated and average distribution factors resulting from this maxi-
mum loading are presented to implement a comparison of valueso
The two~truck test loading and the superimposed single
vehicle loadings, with vehicles in either Lanes 1 and 4 or Lanes 4
and 7, result in the maximum experimentally determined distribution
factors for any of the test structure girderso ,For these critical
loading cases, the distribution factors for exterior Girders. A
and E exceed the design value of 0081, while the interior girder
design distribution factor of 1030 exceeds the resultant experi-
mental distribution factors for interior Girders B, C, and Do The
maximum experimental values for this loading case were 1037 for ex-
terior Girder A and 0098 and Oa77 for interior Girders Band C,
respectively a The maximum experimental distribution factors result-
ing from two-truck runs conforming to AASHO Specification provisions
for lateral vehicle spacing were.l.. 22 for exterior Girder A and
0.88 and O~70 for interior Girders Band C, respectively.
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6. ,S U M M:A R Y
6.1 SUMMARY
AND CON C L U,S ION S
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The primary objective of this pilot study was to determine
the lateral distribution of the live load to the precast, prestressed
concrete spread box girders in a typical bridge constructed according
to the bridge design standards of the Pennsylvania Department of High-
ways. A secondary objective was the evaluation of testing, and data
reduction procedures in establishing, the behavior of the bridge sub-
jected, to design-load vehicles.
This report presents the results of a field test program
conducted on an existing bridge located near Drehersville, Pennsyl-
vania. The bridge was basically composed of a reinforced concrete
slab supported by five prestressed concrete girders, and had rein-
forced concrete curb and parapet sections. Two test vehicles, simu-
lating, AASHO H20-S16-44 loading, were driven across the span singly
and in combination at crawl speeds of 2-3 mph along seven approxi-
mately equally spaced lanes. The testing was divided into two series
corresponding to two different strain gage configurations. In
Series I three of the five girders were fully gaged at two different
cross-sections, while in Series II ,all five girders were fUlly gaged
at one cross-section. In addition, other gages were mounted at
various locations on the deck, curb, and parapet during both series.
The strain·variations reSUlting from the various truck runs were
measured with continuous ,strain recor~ing, equipment supplied by the
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U. S. Bureau-of Public Roads. The distribution of the strains was
evaluated to determine the locations of the girder neutral axes,
from which the effective transformed areas of sl~b, curb and parapet
portions of the bridge deck could be calculated. Girder moment co-
efficients were then calculated and combined for comparison with
design values. Experimental girder distribution-coefficients were
then computed and maximum experimental girder distribution factors
were developed and compared with design distribution factors calcu-
lated according to PDH design specifications.
6.2 CONCLUSIONS
The following conclusions were made from'the results of
the pilot study crawl runs:
1. The test results revealed that the actual distribu-
tion.factors for the girders were sig~ificantly different from the
values used in the design of the structure. The magnitude of the
difference is suffic,ient to conclude that the testing of other
structures of the same type will yield similar information. The
reader is cautioned that this. report covers the results of crawl
run testing, only, However, a preliminary evaluation of data from
speed runs conducted as another part of the same field test program
indicated that the distribution factors will not be affected sig-
nificantly by faster moving,_ vehicles.
2. The test results consi$ten,tly indicated full composite
action between the slab and the curb sections, and between curb and
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parapet sections. This action is undoubtedly. one of the primary
reasons for the difference between experimental and design values
. of the distribution factors. Ignoringcthe composite action-in
. design does not necessarily result in a conservative design. That
is, it is possible. that higher stresses than those computed in the
design would be produced in the exterior girder, even though stresses
lower than design values. would be produced in the interior girders.
3. A review of the tables listing effective slab widths
~ndicates (1) that for this structure, the center-to-center spacing
of the girders is a reasonably accurate estimate of the effective
slab width, and (2), that use of the same value of E for both beam
and slab concrete is also reasonable.
4. For testing at crawl speed, the superimposing of the
results of single truck runs to determine the effects of two-truqk
loading is a valid procedure.
5. The strain 'measurements taken at a cross-section
having half of the girders gaged can be combined to accurately
represent measurements taken with all girders gaged.
6. At least four strain gages should be applied to the
face of a girder in order to accurately establish the location of
the neutral axis.
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Tab Ie 1 Listing of Test Runs
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Vehicle Direction Lanes Number
Series I
Tl West 1 through 7 14*
Tl East 1 through 7 14')'('
28
Series II
II West 1 through 7 14')'('
TI East 1 through 7 7
T2 West 1 through 7 14')'('
Two Trt;Lck Runs
Tl and T2 West 4 (Tl) 21 (T2)
T1 an'd T2 West 6 (Tl) 22 (T2)
Tl and T2 West 4 (Tl) 27 (T2)
41
* T~o runs per lane
Table 2 Distrlbution Coefficients for Single-Truck Runs, Series I
Distribution Coefficient. c Moment CoeffiC~, (100)
I Moment Coefficients
Girder Girder
E 0 C B .A E D C B A
I'TI i8J()J West - I TI ~west00 010 M h N h
Lane 1 7.67 9.80 14.90 27.28 40.35 9.46 8.76 15.26 25.40 41.12Lane 2 10.37 11.74 18.36 28.99 30.56 12.16 11.47 18.14 24.18 34.05Lane 3 13.62 15.68 23.09 24.72 22.89 17.13 15.80 20.00 20.85 26.22Lane 4 17.88 19.09 26~06 19.09 17.88 20.28 19.22 21.00 19.22 20.28
rQ"llt)iTI O~ .East ~TI O~East~ ~ ~M
Lane 1 8.92 9.44 14.89 30.36 36.39 9.08 9.61 16.23 26.27 38.81Lane 2 9.18 11.39 18.82 30.76 29.85 10.40 11.18 18.88 26.44 33.10Lane 3 12.22 16.22 23.86 26.60 21.10 13.96 15.29 21.82 24.52 24.41Lane 4 15.59 20.87 27.08 20.87 15.59 19.19 19.28 23.06 19.28 19.19
ITI ~westI ~west_TI0I O. Q ~70
M N
Lane 1 7.26 11.15 16.73 27.44 37.42 8.20 5.42 11.42 29.45 45.51Lane 2 10.69 11.96 18.44 26.58 32.33 10.28 7.16 15.39 35.72 31.45Lane 3 13.32 15.74 18.21 20.34 32.39 14.07 12.20 26.80 28.49 18.44 ILane 4 18.94 20.34 21.44 20.34 18.94 18.03 16.84 30.26 16.84 18.03 ~OJ
I
Table 3 Distribution Coefficients for Single-Truck Runs, Series II
Distnbution Coefficient =Moment Coefficient- (100)I Moment Coefficients
Directly Calculated Values Averaged Values
Girder Girder
E 0 C B A E 0 C B A
i QFd_ WestTI
0
0
M h
Lane 1 7.63 8.78 12.40 27.96 43.22 7.78 9.23 12.75 27.06 43.18
Lane 2 11.51 11.14 16.37 30.20 30.78 11.12 11.91 16.87 28.48 31.62
Lane 3 13.35 14.25 21.12 26.91 24.37 13.56 15.21 21.59 25.74 23.90
Lane 4 17.64 18.10 23.82 21.17 19.27 18.45 19.64 23.82 19.64 18.45
Lane 5 23.42 24.58 22.06 16.16 13.78
Lane 6 32.47 26.76 17.37 12.69 10.71
Lane 7 43.13 26.15 13.10 9.68 7.94
b tl ~west
0 M A
Lane 1 7.13 8 .. 21 12.54 24.65 47.47 8.00 8.91 13.19 25.58 44.32
Lane 2 10.64 10.92 17.10 26.04 35.30 11.24 11.28 17.22 26.35 33.91
Lane 3 13.11 13.54 21.80 25.70 25.85 13.66 14.24 22.45 24.73 24.92
Lane 4. 17.28 17.60 25.24 20.46 19.42 18.35 19.03 25.24 19.03 18.35
La-ne 5 24.00 23.76 23.10 14.93 14.21
Lane 6 32.52 26.66 17.34 11.65 11.83 J
Lane 7 41.17 26.51 13.8-4 9.60 8.88 ~
-....j
I
Table 4 Distribution Coefficients for Single-Truck ~ns, Series II (continued).
D° t "b f C ff" t Moment Coefficient (IOO)IS rt ulan oe lelen. = I M C ff" ntoment oe ICie s
Directly Calculated Values Averaged Values
Girder Girder
E 0 C B A E 0 C B A
b}GJTI Q~East.~ M
Lane 1 6.21 8.81 12.45 28.32 44.21 6.70 8.92 12.58 27.46 44.34
Lane 2 8.40 10.21 16.11 30.26 35.02 9.69 11.31 16.26 28.59 34.15
Lane 3 11.44 14.25 22.09 28.72 23.50 12.49 15.27 22.42 27.18 22.64
Lane 4 17 .. 11 18 .. 82 24.48 21 .. 48 18.11 17.61 20.15 24.48 20.15 17.61
Lane 5 21.77 25 .. 64 22.74 16.30 13.55
Lane 6 33.28 26~92 16 .. 42 12.40 10.98
Lane 7 44.47 26.59 12 .. 71 9.04 7.19
5T1 ~WestI0 M b,777777)
Lane 1 8.43 9 .. 18 14 .. 30 26.18 41.91 9.72 10 .. 20 15.57 25.40 39.11
Lane 2 12.16 11 .. 79 17 .. 06 25.33 33.66 13.40 12.91 18.47 24.65 30.57
Lane 3 16 .. 20 15 .. 15 17 .. 98 22.74 27.93 17 .. 15 15 .. 99 18.82 21.67 26.37
Lane 4 21.32 17 .. 72 18.98 20.22 21.76 21.54 18 .. 97 18.98 18.97 21.54
Lane 5 24.81 20.60 19.65 16.83 18.11
Lane 6 27.48 23.97 19.87 14.04 14.64 I
Lane 7 36.31 24.62 16.83 11.22 11.02 ..p.
OJ
I
Table 5 Distribution Coefficients for Two-Truck Runs, Series II
Moment Coefficient.
Distribution Coefficient =~Moment Coefficients (100)
Directly Calculated Values Averaged Values
GirderGirder
B A E 0 C B AE 0 C
dQ}JI TI·0
~westI 1200 h
M
Lane 1 and 4 12.57 12.60 18.32 22.37 34.14 13.72 13.58 18.74 22.10 31.86Lane 2 and 6 21.25 18.06 17.36 20.32 23.01 22.13 19.19 17.36 19.19 22.13Lane 4 and 7 29.57 21.82 19.16 14.57 14.88
12 L(jQyI0
I TI ~west0I0 /
M
Lane 1 and 4 16.10 13.24 16.27 21.62 32.77 16.91 13.92 16.70 21.31 31.16 ILane 2 and 6 21.98 16.54 17.00 19.77 24.71 23.34 18.16 17.00 18.16 23.34 ~illLane 4 and 7 29.56 21.00 17.12 14.61 17.71
I
Table 6 Distribution Coefficients for Superimposed Single-Truck Runs
E
Dist ·buti C ffici nt: _=Moment Coeffident' (100'~rl on oe e. ~ M t C ffi· nt 'J~ omen oe ae s
Directly Calculated Values Averaged Values
Girder Girder
DeB A E 0 C B
I TI d£QJo
b 12 1(iCd.we.sf •
0-... M· h
A
Lane 1 and 4 12.38
Lane 1 and 5 15.27
Lane 2 and 6 21.55
Lane 3 and 7 27.26
Lane 4 and 7 29.41
13.16
16.40
18.84
20.38
22.30
18.18
17.30
17.24
17.48
18.83
22.92
20.41
19.36
18.26
15.39
33.36
30.62
23.01
16.62
14.07
13.23
15.95
21.43
14.28
17.32
19.88
18.50
17.39
17.05
22.61
20.40
19.13
31.38
28.94
22.51
I TI
-d£d0
I TI ~west0
0 ; hM
Lane 1 and 4 12.78 14.45 20.48 23.18 29.11
Lane 1 and 5 15.28 17.26 19.00 21.48 26.98 Series I
Lane 2 and 6 20.46 20.36 18.36 20.36 20.46
Lane 1 and 4 12.64 13.44 18.11 24.57 31.24 13.11 14.44
Lane 1 and 5 15.53 16.68 17.23 22.06 28.50 15.84 17.48
Lane 2 and 6 21.99 18.95 16.87 21.44 20.75 21.37 20.19
Lane 3 and 7 28.24 20.20 17.11 18.30 16.15 Series IILane 4 and 7 30.39 22.13 18.46 15.42 13.60
18.28
17.17
16.88
23.35
21.14
20.19
30.82
28.37
21.37
I
Ul
o
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Table 7 Experimental Distribu~ion Factors
Section M - Truck Moving West
DIRECTLY CALCULATED VALUES AVERAGE VALUES
GIRDER GIRDER
LOAD LANE A B C D E A B C D E
BASED ON MINIMUM LATERAL TRUCK SPACING
Test T1,T2 (1,4) 1.37 0.89 0.73 1.27 0.88 OQ75
(4,7) 0.77 0.87 1.18
Super Tl,T2 (1,4) 1.33 0.92 0.73 1.26 0.90 0.74
(4,7) 0.75 0.89 1.18
Super T1,Tl (1,4) 1.25 0.98 0.72 1.23 0.93 0.73
(4,7) 0.74 0.88 - 1.22
BASED ON AASHO PROVISIONS FOR LATERAL TRUCK SPACING
Super T1,T2 (1,5) 1.22 0.82 0.69 0.66 1.16 0.82 0.70 0.69
(3,7) 0.73 0.70 0.82 1.09
Super T1,T1 (1,5) 1.14 0.88 0.69 0.67 1.13 0.85 0.69 0.70
(3,7) 0.73 0.68 0.81 1.13
Test T1,T2 (2,6) 0.92 0.81 0.69 0.72 ' 0.85 0.89 0.77 0.69 0.77 0.89
Super T1,T2 (2,6) 0.92 0.77 0.69 0.75 0.86 0.90 0.77 0.68 0.80 0.86
Super Tl,Tl (2,6) 0.83 0.86 0.67 0.76 0.88. 0.85 0.81 0.68 0.81 0.85
I
U1
~
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Table 8 Sample G~rder Moment Coefficients and M?me~t?, Single-Truck Runs
EffeCtive MOdulus-of Elasticit,- 6.806.02 ksi
Moment Coefficient (106 ft.- in2) I 'Nomen·t (kip~·ft.)
Girder -Girder
E 0 C B A '.£ D 'C '3 A
I ~westTI00 M,h
Lane 1 8656 9946 i4018 31524 48943 . '58"~ 9-161 67.69l 95.407 ,2140553 333.-108
La.ne 2 13173 ,12740 18719 34516 35189 89.658·. 86.706 127.• 400. 234.915- 239~500
Lane 3 15260 16278 24115 - 30734 27849 '103.857' 110 ~ 79tl' 164.130 .209.178 ,189.539
Lane 4 19389 19906 26204 23285 21160 ,131.963: 1350~8P 178.348 158.479' 144.012
Lane 5 25344 26436 23724 17497 14923 172.489 179.923
..
161.470 119.086 101.. 566
Lane 6 36646 30216 19608 14325 12110 249.41~ 205.652 133.455 97 .499 82.423
Lane 7 46492 28177 14113 10435 8544 I :316.42a 191.773 96.053 71.018 58.152
I
Ln
tv
I
Table 9 Sample Girder Moment Coefficients and Moments,
Two-Truck Runs and Superimposed Single-Truck Runs
Effective. Modulus of Elasticity =6,806.02 ksi
Moment Coefficient 006 ft.-in~). I. Moment (kip~ftJ
Girder I GirderE ·-D," ·,c- . ·B A E-· ·D C ,-e' A' .
LQTl .dCQJ.
b ::2. ~. West
o . h~.)-
Lane 1 and 4 28510 28580 41563 50764 77472 i94'o040 194.5i4 2.82.882 345.498 . 527.278'
Lane 2 and 6 45736' 38880 37381 43717 49502 311.28~ 264.616 254.414 297.541 336.-912
Lane 4 and 7 64030 '47221 41468. 31537 32205 435.788" 321.389 a8~:232 214.641 21·9,190
Lane 1 and 5
Lane 2 and 6
Lane 3 and 7
1Tlld:Ca<::> .
I .TI ~.' Westo .
o .n.
.(Supe~position)
. ~ 231.405 2~7.614 256.877 333.639 434.674
~39:.0g2" 291 •.3.58 :260.855 ~32.414 '321 0 923
4.20 .285 . 302.563 1260. 18'3 280. 196 24.7 ." 6.91
I
U1
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Table 10 Comparison of Design and Experimental Girder Moments
Section M
-54-
INTERIOR GIRDER C
Test TI, T2
Lanes land 4
Superposition Tl,TI
Lanes land 4
Superposition TI,T!
Lanes 1 and 5
Lanes 2 and 6
INTERIOR GIRDER B
Test Tl,T2
Lanes 1 and 4
Superposition TI,TI
Lanes 1 and 4
Superposition TI,T!
Lanes 1 and 5
Lanes 2 and 6
EXTERIOR GIRDER A
Test Tl,T2
Lanes 1 and 4
Superpbsition Tl,Tl
Lanes 1 and 4
Superposition TI,TI
Lanes 1 and 5
Lanes 2 and 6
DESIGN
MO:MENT
kip-ft.
492.64
4,92.64
492.64
492.64
492.64
492.64
492.64
492.64
306.95
306.95
306.95
306.95
EXPERIMENTAL
MOMENT
kip-ft
282.88
273.76
256.88
260.86
345.50
373.03
333.64
332.41
527.28
477.12
434.67
321._ 92
EXPERIMENTAL
DESIGN
0.574
0.556
0.521
0.530
0.701
0.757
0.677
0.675
1.718
1.554
1.416
1.049
Table 11 Girder Deflections,_ Sing1e-Tt'-u~k Runs
(All values" in inches.)
Girder Girder
E 0 C B A E 0 C B A
I TI~ West. I T2~ West0
0 0M b- 0 nM
- --
Lane 1 0.02034 -0.03058 0.05000 0.06990\ 0.07535 0.01835 0.02844 0.04595 0.06698 0.07228
Lane 2 0.02466 0.03676 0.05801 _0.07158 0.06347 0.02349 0.03_499 0.05527 0.06963 0.06036
Lane 3 0.03161 0.04585 0.06572 0.06598 0.05050 0.02.986 0.04363 0.06364 0.06450 "0.04845
Lane 4 0.04044 0005517 0.07002 0.05736 0.03977 0.02814 0.05376 0.06727 0005719 0.03794
Lane 5 0.05218 0.06392 0006562 0.04638 0.03070 0.04993 0.06240 0.06316 0.04600 0.02979
Lane 6 0.06491 0.06808 0.05787 0.03696 0002414 0.06192 0.06701 0.05606 0003714 0.02321
Lane 7 0.07724 0.06764 0.04984 o. 02~926 -~. 01873· 0.07366 0.0-6582 0.04769 -0.02999 0.01913
Lane 1
Lane 2
_Lane 3
Lane 4
Lane 5
Lane 6
Lane 7
East Q&iTI ~() .
o -
M
0.01793 0.02675 0.0428~- 0.06430 0.06726
0002163 0.03218 0.04984 0.06444 0.05586
0002590 0.03896 0.05622 0~05860 0.04328
0.03444 0.04802 0006028 0.05074 0.03384
0.04576 O.Q5615 O.0~678 0.04074 0.02648
0.05714 0.06043 O~05003 0.03339 0.02156
0.06748 0.05889 0.04303 0.02740 0.01616
5T' ~west
0-- I /M
0.• 00946 0001466 0.02440 0003532 0.03806
0.01140 0001730 0.02810 0.03578 Oo03155~­
0.01516 0.02282 0.03307 0.03341 0.02477
0.01952 0.02680 0.03566 Oi02866 0.01958
0.02522 0.03145 0.03306 0.02322 0.01510
0.03201 0.03247 Do02818 O~01793· 0.01186·
0.03952 0.03299 0.02432 0.01478 0000959
I
(Jl
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Table 12 Girder Deflections, Two-Truck -Runs
(All values in inches)
E o
Girder
C B A
I Tlld:!=OJo
I 12 ~west
.0 -
o M n
Lane 1 and 4 0.05898 0.08443 0011718 0.12900 0011383
Lane 2 and 6 0.08884 0.10677 0011465 0.10197 0.08655
Lane 4 and 7 0.11405 0.12419 0011828 0.09139 0005927.
t T2 o:Qy
h TI~West
U -17
- M
Lane 1 and 4 0.02986 0.04200 0.06048 0.06776 0.06084
Lane 2 and 6 0.04405 0.05302 p.05986 0.05906 0.04626
Lane 4 and 7 0:06021 0;06404 0:06112 0.04647 0.02979
I
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Table 13 Transformed Effective Slab Widths, Series I
(All values in inches)
Girder Girder
-E o c E o c
Lane 1
Lane 2
Lane 3
Lane 4
Lane 5
Lane 6
Lane 7
I TI i(3£d Westo -
0----- Zl
M
84.00 64046 67.01
84.00 63.74 70.81
84000 73.38 75$50
84.00 81 0 15 78.29
78.93 96.13 * 94.22
71.66 110.68 * 68.30
76.20 101.60 47.0
I T I t!;CY West
o I{ 6
o N
84 0 00 44064 55.42
84.00 58~18 58.36
84.00 69098 61.96
84000 62.52 62.24
84 0 00 63.82 59.84
84.00 81 0 60 65.46
84.00 77.04 50.90
East giTI O~ East ICObJTI O~.0 0 IM N
Lane 1 84.00 51.97 56.80 84.00 45.76 55.68
Lane 2 64.18 56.20 -65.04 81.06 45.64 52.84
Lane 3 83 0 '12 80.24 88.05 84ltOO 53.80 61.96
Lane 4 81.44 91.12 if... 84 0 19 84.00. 60.02 64.28
Lane 5 76086 100.26
*
89,.28 84~OO 67.06 69.24
Lane 6 76 8 51 ',100. 98 68.26 84.00 79.14 -56.02
Lane 7 67.28 119$45 "';'( 57.16 81.76 85.78 65.10
7~ Overlap of transformed effective width: IUl
"I
Table 14 Transformed Effective Slab Widths (continued), Series I
(All values in inches)
E
Girder
o c E
Girder
o c
ITI~West .1°o M ITI~ WestQ .o N
Lane 1
Lane 2
Lane 3
Lane 4
Lane 5
Lane 6
Lane 7
65.87
70.56
84.00
84.00
78.92
72.24
84.00
59 0 25
61.00
70.65
75!79
96.15'
'109.52
81.20
57.45
56.11
56.36
89.20
69.31
·k 75.42
L1-3.61
*-
, 84-.00
72 0 12
82 0 18
r84.00
82.38
77.34
84.00
SIll 13
49.48
76.62
64 0 84
8'9.23
99.32
80.15
43074
48.90
84.70
75.64
78.11
62.34
53.89
O~erlap -of trans;Eormed effective 'width·
I
U1
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Table 15 Transformed Effective Slab Widths, Series II
(All values in inches)
"Girder
E o c B A
I TI ~westo __---I-
cr- - M h
'~ane 1
Lane 2
~Lane 3
'_Lane 4
~Lane 5,
i..ane 6
"Lane 7
74.64 50.-13 46.44 96-.20 78.90
84.00 60.30 56.93 94.41 79.80
84,00 75.48 92. 54 ~(-.'"l05-. 76 74.12
82.52 84.08 74.90 73.44 84.00
72.55 108 0 90 * 89.28 61.94 84.00
73.70 106.62 aJ( 73.82 64.02 84.00
75.58 102.84 58.70 49.65 84.00
I
U1
LD
I
'17 .42
77.74
76 0 34
84.00
84.00 -
84.00
84: 0 00
b T2 . ($CCY West
o aM·
.56.20 59.86 98.98
60.• 58 67 .q9 ~8.52
71 0 29 91.29 * 101.31
72.70 83 0 40 76 Q 37
lOB.IO * 90.26 58008
107.62 * 73.84 52.86
: lQ5~~8 60~~4 4~g26
84.00
84.00
84.00
84.00
72.95
73.20
,74.42
*. .Ov~~l~p of transformed effective Width
-Lane- 1..
'Lane 2
~Lane 3-
Lane 4
:Lane 5
. "Lane 6
Lane 7
Table 16 Transformed Effective Slab Widths (continued), Series II
(All values in inches)
E o
Girder
C B A
East 6JhlTI Io
Lane 1.
iLane 2
'Lane 31
'Lane 4'
Lane S·
~ane' 6
Lane 7
U I ~M
84.0cr , 65.44- 52.91 104.74
84.00 55.49 61.05 83.08
84000 66.64 94.64 i: 102. 76'
84000 78.31 72.78 -79.08
73.47 107.08 * 93-. 79 72.26
75.36 103-,28 7( 74.12 59.27
'60.26 i133.49 *. ,62 0 _79 44.07
74.63
84.00
75.62
84.00
84.00
84.00
84!'OO
Lane 1
;Lane 2.
~.Lane 3
:Lane 4'
~ane 5
-Lane 6-
Lane 7
r TI.~ ·Westo -
o ~/
74.15- 104.50 * ~8~g~ 95.94 -'76 0 38
, '84.00 63.19 60.96 103.32 75.34
i 77.52 91.86 * 86.44 * 108.36 72.82
78.29 84.68 81.20 71.86 83.73
76.18 _84.44 67.96 52.01 84.00
72.64 ·109.93 *·'94.90 7~ 81-~95 '77.70
84.00 78.46 .~7.86 47.40 84000
-;~ Overlap of tran~formed effective width Im
o
I
Table 17 Transformed Effective Slab Widths (continued), Series II
(All values in inches)
Girder
E o c B A
I TI dCOJ..a
~. West
'0:' ~
o - M .
Lane -1 and 4
Land 2 and 6
Lea-ne 4 and 7
84.00
83.32
78.06
73.56
87.15
97.86
77.60
66.39
70.17
87 ~2"5
77.15
60.57
83.38
84.00
S4.00
5 12 ld-Qy
I TI~ Westo -
o 17
M
;Lane 1 and. 4
Lane 2 and 6
Lane 4 ancl .7,
84-;00
84.00
84.00
70--.75
72.88
82".32
"66.69
62.25
fJ7.38
73.58
70.56
55 0 44
84.00
84.00
84.00
J
OJ
}-J
I
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Fig. 7 Deflectometers
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Fig. 10 Distribution Coefficients at Section M, Series I
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Fig. 11 Distribution Coefficients at Section N, Series I
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Fig. 12 Comparison of Distribution Coefficients at Sections M and N,
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Fig. 13 Distribution Coefficients at Section M, Series I
(Tl, Eastbound)
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Fig. 14 Distribution Coefficients at Section N, Series I
(T1, Eastbound) I
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Fig. 15 Comparison of, Distribution Coefficients at Sections M and N~
Series I (Tl, Eastbound)
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Fig. 16 Distribution Coefficients at Section M, Series I
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Fig. 17 Distribution Coefficients at Section N, Series I
(Tl, Westbound, Single Axle Loading) I
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Fig. 19 Distribution Coefficients at Section M, Series II
(TI, Westbound)
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Fig. 20 Comparison of Distribution Coefficients at Section M,
Series II (Tl, Westbound)
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Fig. 21 Distribution Coefficients at Section M, Series II
(T2, Westbound) I
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Fig .. 22 Comparison of Distribution Coefficients at Section M,
Series II (T2, Westbound)
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Fig. 23 Distribution Coefficients at Section M, Series II
(Tl, Eastbound) I
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Fig. 24 Comparison of Distribution Coefficients at Section M,
Series II (Tl, Eastbound) I
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Fig. 25 Distribution Coefficients at Section M, Series II
(Tl, Westbound, Single Axl~ Loading)
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Fig. 26 Comparison of Distribution Coefficients at Section M,
Series II (Tl) Westbound, Single Axle Loading) I(X)
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Fig. 27 Distribution Coefficients at Section M, Series II
(Two-Truck Runs, Tl and T2, Westbound) I
co
m
I
Lanes
Directly Calculated Value.
Average Values
10,1 I I 1 I I
50t I T2 ,fI:::-t I I
I TI LJ£ao~o~ 40 rl ----r-L --~
W
U
LL
LL
W 30 ...-1__.1
oo ,.1-----
I I ,':::as - I
z
o
I-- 20 I I :::::::e.., - - 1 ~ I. ,....-=:: I,...........-...-=: 1
:>
m
a:::
~
en
Cl
0' I I I I I
E o c B A
Fig. 28 Distribution -Coefficients at Section M, Series II
(Two-Truck Runs, Tl and T2, Westbound) Ico
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Fig. 29 Distribution Coefficients at Section M, Series II
(Superimposed Single-Truck Runs, Tl and T2, Westbound)
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Fig. 30 Distribution Coefficients at Section M, Series I
(Superimposed Single-Truck Runs, TI and TI, Westbound) I
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Fig. 31 Distribution Coefficients at Section M, Series II
(Superimposed Single-Truck Runs, T1 and Tl, Westbound)
I
1O
1'0
I
501 I I
Directly Calculated Values
10 1 I I I I I
3 , 7
-_ ...... -- - ...::r",,-----
I
l
---- Average Values
o I TI~ I0' I - '0
...: 40 - I I T 2~ WestZ ,.__~ 0' b A I Lanes 1,5~
LL I --M.'W 30 r- I
o
U
z
o
..... 20 It-----+I--------
=>
m
0::
I-
00
o
0' , , , , I
E o c B A
Fig. 32 Distribution ~oefficients at Section M, Series II
(Superimposed Single-Truck Runs, Tl and T2, Westbound)
(AASHO Provisions for Lateral Truck Spacing)
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Fig. 33 Distribution Coefficients at Section M, Series II
(Superimposed Single-Truck Runs, Tl and Tl, Westbound)
(AASHO Provisions for Lateral Truck Spacing)
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